Objectives: The objective of the study was to reveal morphology, electrolyte and chosen biochemical parameters in terms of health risk in runners in reference to their age and running speed in the case of running a distance of 100 km, which occur after 12 h or 24 h of recovery. Material and Methods: Fourteen experienced, male, amateur, ultra-marathon runners, divided into two age and two speed groups took part in the 100-km run. Blood samples for analyses indexes were collected from the ulnar vein just before the run, after 25 km, 50 km, 75 km and 100 km, as well as 12 h and 24 h after termination of the run. Results: The sustained ultramarathon run along with the distance covered (p < 0.05) caused an increase in myoglobin (max 90-fold), bilirubin (max 2.8-fold) and total antioxidant status (max 1.15-fold), which also continued during the recovery. Significant changes in the number of white blood cells were observed with each sequential course and could be associated with muscle damage. The electrolyte showed changes towards slight hyperkalemia, but no changes in natrium and calcium concentrations. There were no significant differences between the age and speed groups for all the parameters after completing the 100-km run as well as after 12 h and 24 h of recovery. Conclusions: Considering changes in blood morphology and chosen biochemical parameters in ultra-marathon runners during a 100-km run it can be stated that such an exhausting effort may be dangerous for human health due to metabolic changes and large damage to the organs. Negative metabolic changes are independent of age of an ultramarathon runner and occur both in younger (32±5.33 years) and older participants (50.56±9.7 years). It can be concluded that organ damage and negative metabolic changes during a 100-km run occur similarly in participants less experienced as well as in well trained runners. Int J Occup Med Environ Health 2016;29(5):801-814
INTRODUCTION
Fast development of civilization and higher living standards caused reduction of physical activity in the population. This process regards highly developed countries as well as the ones that are still developing. Therefore, the aim of hazard prevention connected with civilization is promotion of physical activity. According to this trend, a health-related fitness (H-RF) concept has been proposed by Bouchard et al. [1] and Skinner and Oja [2] . This concept puts emphasis on the health aspect of physical activity. It is a significant approach in terms of individuals and society as a whole because the number of old people is continuously increasing, especially in highly developed countries. As this idea becomes more and more popular, the number of active people involved in recreation is increasing. Some of them take up extreme forms of recreation such as winter baths, mountaineering, marathons or ultra-marathons. However, such extreme forms involve health risks. After a marathon run, hospitalisation or even death can occur [3] . Statistics reported by Mathews et al. [4] reveal 28 fatalities that occurred during the run or within 24 h after termination of marathon races organised in the USA from 2000 to 2009 [5] . Deaths occurred mainly among young participants (< 45 years old). Therefore, scientists are increasingly interested in the issue of the body's response to the extreme effort performed by amateurs, especially economy of the use of energy sources [5] [6] [7] [8] , relationship between running speed and maximal oxygen uptake (VO 2max ) [9] [10] [11] [12] , changes of biochemical indicators in the blood [4, [13] [14] [15] that indicate damage to skeletal muscles and organs [16] [17] [18] [19] [20] [21] [22] [23] [24] and recently, advantages and threats of such an activity in terms of health [25] [26] [27] [28] [29] . Thus, it seems that monitoring of the reaction of the body by observing changes in blood indicators during a marathon run, should be a standard procedure. Most commonly used indicators of health risk in marathon runners IJOMEH 2016;29(5) 803 which measured heart rate in 5-s intervals. Twelve hours before the experiment, the subjects ate supper. After a night of rest, they ate a light breakfast of their choice at 6:30 a.m. During the run, the runners nourished themselves with prepared food and drinks served at special stands. The food included water with low mineral content, high-energy drinks, sandwiches with cheese or ham, highenergy bars and bananas. Blood samples analysed for indexes of liver and muscle damage, expressed as the percentage change in the blood plasma volume, were calculated following the indexes of Dill and Costill [9] . Reference values for the tested indexes were: red blood cells (RBC) (4.4-6 [30] . Blood samples were collected from the ulnar vein just before the run, after 25 km, 50 km, 75 km, and 100 km, as well as 12 h and 24 h after the end of the run. Biochemical analysis was conducted by the use of the A15 analyser (Biosystems S.A., Spain).
Statistical analysis
The results are expressed as mean values and standard deviations. The Shapiro-Wilk test was applied to assess homogeneity of dispersion from the normal distribution. The Levene test was used to verify homogeneity of variance. For homogenous results, an analysis of variance (ANOVA) for repeated measures and the post hoc honest significant There were significant differences revealed for the age of the subjects (p = 0.0009) and running speed (p = 0.0004). We asked the participants not to consume any sport supplements (vitamins or minerals) for a month preceding the study. However, on the basis of a previously conducted interview with the subjects, it was found that none of them applied regular supplementation. Usually they ran without a specific training plan 5-6 times a week covering each time a distance of 15-20 km at a moderate intensity (generally below the anaerobic threshold). All the subjects had valid medical cards and received medical supervision during the experiment. The study protocols received an ethical approval (KB-26/12) from the Ethical Committee of Regional Medical Chamber in Gdańsk (Poland).
Trial design
The 100-km run started at 7:30 a.m. and finished (for the last runner) at 7:38 p.m. The subjects repeatedly ran a designated route of 3300 m. The altitude was 20 m above the sea level, and the altitude differences did not exceed 3 m. The running surface was made of asphalt. Temperature during the run ranged from 4-7°C, the wind speed was 0.7-1.4 m/s and humidity was 83-89%. The shortest time required to complete the 100-km run was 9 h and 11 min, and the longest time was 12 h and 8 min (the time did not encompass 1-min breaks for blood sample collections). The run times and break times between the courses were measured with a stopwatch (Timex, Switzerland), and the time results after each turn were shown on a board at the starting line. Running speed was measured individually every 25 km. Each participant was dressed in trainers, a T-shirt, a tracksuit (a cotton sweatshirt and pants), gloves and a cap (made of natural fibres). The participants' individual clothing preferences were accepted. Each of the runners was equipped with a por- 
Changes in electrolytes
Concentration of sodium, calcium and chloride ions did not change significantly during the run. However, after the 24 h of recovery, a considerable increase in the concentration of these ions was observed. The differences between the groups were small (0.6 < ES ≤ 1.2) ( Table 4 and 5).
Changes of myoglobin and bilirubin
The mean value of myoglobin increased along with the distance covered. Its mean concentration reached 100% of the physiological norm after 25 km of the run, and 300% after 100 km of the run. During the recovery, a decrease in myoglobin concentration was observed, and the highest rate was noted during the first 12 h of recovery (p < 0.05). There were no statistically significant differences between the groups with reference to the age or running speed during both the run and recovery ( [31] .
RESULTS
Running speed developed during the 100-km run decreased along with the distance covered. During the last stretch (76-100 km), the running speed was significantly lower than during the 0-25 km or 26-50 km stretches.
Together with the decrease in the running speed, the decrease in the mean heart rate (HR) and relative intensity of work were observed, especially between 75-100 km.
The d Cohen effect size was trivial (0.2 < ES ≤ 0.6) or small (0.6 < ES ≤ 1.2), independently of the criteria for grouping. However, moderate (1.2 < ES ≤ 2) differences were observed for HR; the group of faster runners showed lower values of HR during both the run and recovery at a relatively lower intensity of effort (percent of maximal heart rate -% HR max ) ( Table 1) .
Changes in blood count
No significant differences for the number of red blood cells and haemoglobin (HB) concentration, hematocrit or blood platelets during the run or recovery in the runners were found. Values of these indicators were within physiological norms during the whole experiment. Mean corpuscular volume, MCHC and MCH were stable during the run, and slightly increased during the recovery (within 24 h after termination of the run). The total number IJOMEH 2016;29(5) Table 1 . Running speed and heart rate of the amateur ultra-marathon runners during sequential courses of the 100-km run M -mean; SD -standard deviation; ES -effect size; V -velocity; HR -heart rate; % HR max -percent of maximal heart rate. * Significant differences between particular phases of the run (a-d) at p ≤ 0.05. Table 2 . Blood parameters in the younger and older groups of the amateur ultra-marathon runners Other abbreviations as in Table 1 . Table 2 . Blood parameters in the younger and older groups of the amateur ultra-marathon runners -cont. Other abbreviations as in Tables 1-3 .
CHANGES IN BLOOD OF RUNNERS DURING A 100 KM RUN O R I G I N A L P A P E R IJOMEH 2016;29(5)
809 Table 5 . Electrolyte and myoglobin, bilirubin, TAS changes in the faster and slower groups of the amateur ultra-marathon runners 
TAS changes
The changes of antioxidant status showed the same trends for all the subjects. Total antioxidant status value was increasing proportionally to the distance covered, and exceeded the norm. During the 24-h recovery, the values almost reached the reference values. No statistically significant differences between the groups with reference to the age or running speed were found (Table 4 and 5).
DISCUSSION
Despite the fact that many scientists show research interests in extreme running, the results of the studies often differ. It may result from the various age of the subjects, sports experience, amateur or professional status and including or excluding changes of blood plasma volume while interpreting the results. In our study, apart from biochemical changes in the runners caused by the 100-km run, we also examined variation with reference to the age and running speed of the subjects. The younger subjects developed slightly higher speeds. Interestingly, intensity of work expressed as % HR max was lower in the group that developed higher running speeds. It can be concluded that this group developed a better adaptation to a long-lasting effort. Running speed decreased along with each 25 km stretch in all the subjects ( Table 1) . The mean running speed value during the whole 100-km distance was 8.33 km/h, which is in line with the results revealed by Kłapcińska et al. [29] . Parameters of the blood counted both during the run and recovery did not exceed the reference data. No statistically significant changes in HB, HCT, RBC, MCH, MCV, MCVC and blood platelets were found during either the run or the recovery. Kłapcińska et al. [29] and Waśkiewicz et al. [28] have reported similar findings. However, Wu et al. [27] have observed a decrease in RBC related to haemolysis [32] and damage caused by reactive oxygen species (ROS) [33] that occurred between the second and ninth day of recovery after termination of a half-marathon.
and up to the 12-h mark during the recovery. Then, a decrease was registered. Values within the norm were found only in one subject. No relationship of these indicators with reference to the age or running speed were revealed ( Figure 1 ). The available scientific literature describes the effect of high-intensity exertion on the increase of oxygen consumption and production of its reactive forms [36] [37] [38] . The increase in ROS production along with the covered distance caused an increase in TAS in blood plasma and lasted until termination of the run. Our results are in line with the findings reported by Kłapcińska et al. [29] , who have noticed a maximal increase in TAS after 12 h of ultramarathon running. This effect is a response of the organism to the developing oxidative stress. Results of our study show a complete compensation of the increased oxidative stress by the antioxidative defence system in the subjects. Therefore, it can be suggested that the runners developed adaptation to the long-distance run during the training process regardless of their age or running speed. Statistically significant differences for the bilirubin and myoglobin concentration were found during the rest and after the 100-km run in all the groups. The rate of the decrease in myoglobin concentration in blood plasma during the recovery was lower than the rate of the decrease in bilirubin. Our results regarding myoglobin concentration as a significant index of muscle damage are in line with the findings reported by Lippi et al. [15] , who have observed a considerable increase in myoglobin concentration after termination of a half-marathon, which continued up to 24 h of recovery. Moreover, we observed considerable differences in this indicator among the runners (Figure 1) . Similar results have been reported by Wu et al. [27] , who have observed a considerable increase in these indexes even after 48 h of recovery, which was fully balanced only after nine days of recovery. Our results show considerable differences in myoglobin and bilirubin concentrations during the experiment. However, low effect size was stated between the concentration of these indexes and the age or running speed. Concentration of bilirubin increased significantly after running 50 km. During the 24-h recovery, bilirubin concentration increased, and did not reach the reference There was no increase in haemolysis in our study, and the increase of TAS was a protective reaction against harmful effects of ROS. The highest and most statistically significant changes (Table 2 and 3) for WBC were observed in all the groups, similarly to the findings reported by Wu et al. [27] . The highest number of white blood cells in the runners was found after 12 h of recovery (1.9-fold of resting value). However, a considerable increase of WBC was observed during the run, especially on the last stretch 75-100 km independently of the age or running speed of the participants. A relatively low resting value of WBC is probably related to the adaptation to a long-lasting effort, and the increase of white blood cells may be caused by their passing to blood vessels as well as their increased production [32] . The d Cohen index, counted between the indexes mentioned above and the age or running speed of the subjects was low (Table 2 and 3) . Changes in the level of electrolytes in marathon runners are one of the most significant factors limiting the run of high intensity. In the presented study, the subjects performed a 100-km ultra-marathon, and the results include percentage changes in plasma volume (%ΔPV). Probably this is the reason why the results of electrolytes in our subjects in all the groups show a gradual increase in potassium and a decrease in sodium and chloride concentration during the run. Moreover, during the recovery, a decrease in sodium and chloride concentration was observed. One of the reasons for such changes in the runners could be sweating, as the increase in potassium ion concentration is not an effect of the increase in permeability of the cell membrane, but results from the active transport of K + ions by sodium-potassium adenosine triphosphatase (Na + /K + -ATPase) [29, 34, 35] . Changes in calcium concentration did not reach significance during the experiment. In addition, trivial or small differences were stated for electrolytes with reference to the age or running speed of the subjects during the 100-km run (Table 4 and 5).
value (> 1) in 13 out of 14 subjects (Figure 1 ). Changes in sodium, potassium, calcium and chloride as well as in bilirubin concentration occurred after the run and during the recovery. During the recovery electrolyte imbalance and liver damage appeared as consequences of the 100-km run. Therefore, we suggest, that control of these parameters during recovery is necessary. Results of our study indicate that the 100-km run elicited negative physiological changes in the bodies of the runners. Independently of the age and running speed, metabolic changes were similar in each phase of the run. These changes affected skeletal muscles and inner organs as well, and individual differences seemed to be significant. Previous studies have shown similar results, however, the authors have not considered the age and running speed of the participants. Earlier research as well as our study did not involve large groups of ultramarathon runners. Therefore, validity of statistical analyses may be problematic. However, the number of people taking part in such extreme efforts as a 100-km run is very limited, and calculating the d Cohen effect size should reduce the possibility of potential error.
CONCLUSIONS
Considering changes in blood morphology and chosen biochemical parameters in ultra-marathon runners during a 100-km run, it can be stated that such an exhausting effort may be dangerous for human health due to metabolic changes and large damage to the organs. Negative metabolic changes are independent of the age of an ultramarathon runner and occur both in younger (32±5.33 years) and older participants (50.56± 9.7 years). It can be concluded that organ damage and negative metabolic changes during a 100-km run occur similarly in participants who are less experienced and in those who are well trained runners.
